ABSTRACT
BACKGROUND
Growing oil consumption has not only led to the potential energy security risks, but also to serious environmental pollution problems. The International Energy Agency and other departments vigorously encouraged the use of biofuel as an alternative energy to slow down the use of oil. They pointed out that the proportion of biofuel consumption in the transport sector is expected to increase from the current 2% to 27% in 2050, and bring about 20% reduction in carbon emissions in the transport sector per year [1] . Currently, biofuel is divided into bioethanol and biodiesel. Since biodiesel is used more in buses and trucks than bioethanol and its supply chain being relatively mature, this paper has chosen biodiesel as the research object. Biomass cost which accounts for 75%-80% of the raw material cost is a major problem in the whole supply chain [2] , while waste cooking oil which has a lower cost has been widely considered by the society. In the biodiesel industry the developing policy, it has been pointed out that a sustainable supply system needs to be urgently established. The system can use waste oil as the basic raw material and supplemented by non-edible herbaceous oil [3] . It also suggests regulating the production and application of biodiesel and building waste oil resource utilization channels. The biodiesel supply chain is mainly comprised of three main components: waste edible oil recycling station, biodiesel refinery factory, and biodiesel distributor. The biodiesel supply chain operation process is shown in the following: the recycling station collects waste edible oil and sells it to the refinery factory; the refinery factory uses it as raw material for biodiesel production and purification; then they sell the biodiesel product to all levels of distributors in the form of wholesale. Finally, the distributor sells the biodiesel to consumers in the retail sales.
As we all know, biofuel as an alternative energy, the terminal use can indeed reduce carbon emissions, but if the environment is disturbed, the recycling station, refinery factory and distributor may be coordinated in improper activities and the emission reduction effect would be counterproductive. Therefore, how to coordinate this special product supply chain to deal with the disturbance is an urgent issue. This paper uses the revenue sharing contract to realize the coordination of the three-echelon supply chain which is composed of a recycling station, biodiesel refinery factory and biodiesel distributor, and give the optimal order quantity and contract parameter condition of supply chain. Then, considering the market demand and production cost disturbance situation, the paper gives the many papers that have studied supply chain coordination strategies from the perspective of economy and perturbations, the research on the supply chain coordination strategies for biodiesel as a particular product is rare. In this paper, the biodiesel supply chain coordination strategy will take into account the economics, environment and production deterioration factors. Unlike the previous uncertainty in biodiesel research [18, 19, 20] , this paper has selected two factors, market demand and recycling cost which have great influence on the supply chain, and studies the coordination of the biodiesel supply chain in case of their simultaneous disturbance.
Secondly, the achievement of supply chain coordination is often manifested in the benefit improvement in the entire supply chain which is often considered only from the economic factors [21, 22, 23] . But actually, biodiesel supply chain, which is different from other products, needs to consider its situation of carbon emissions and waste oil recycling [24, 25, 26] . In this paper, the impact on supply chain profit of common costs, cost of carbon emissions and surplus product residuals has been considered.
Thirdly, the previous study analysed the three-echelon supply chain coordination, either from the impact of disturbance [27, 28] , or only from supply chain revenue sharing contract [29, 30] . This paper considers both of them and analyses the revenue sharing contract of supply chain under the disturbance, and designs the contract mechanism between the recycling station, the refinery factory and the distributor. It also discusses the setting of contract parameters to improve the performance of the biodiesel three-echelon supply chain.
PROBLEM DESCRIPTION
As shown in Figure 1 , the recycling station does not deal directly with the distributor, but the profit of the recycling station is influenced by the pricing decision of the distributor. The recycling station can indirectly affect the distributor through the refinery factory. In the deterministic model, this paper uses the revenue sharing contract to realize the coordination of the biodiesel supply chain. At the same time, it is assumed that the recycling station, refinery factory and distributor are risk-neutral and completely rational, that is, they make decisions based on the principle of maximizing their own expected profit. Moreover, it is assumed that the information is complete, that is, they know their own and each other's cost structure, revenue function, etc., and can accurately predict the market demand. Prior to the start of the sale, the distributor made the optimal order quantity according to the revenue sharing contract, then the refinery factory and the recycling station arranged the production plan. However, the occurrence of uncertain events led to changes in the biodiesel three-echelon supply chain coping strategies. Finally, the case of a biodiesel company in China is used to discuss the impact of the original strategy and the new strategy on the supply chain profit and production plan.
LITERATURE REVIEW
In the past, most part of literature has dealt with the coordination of two-echelon supply chain system [4] , which is composed of suppliers -manufacturers [5, 6] , manufacturers -distributors [7, 8] and distributors -retailers [9] . In practice, the supply chain is usually composed of more than two entities, and the multi-echelon supply chain is more common. However, the results of the study for three-echelon supply chain coordination are still rare. Munson and Rosenblatt [10] analysed the coordination effect of the quantity discount contract on the three-echelon supply chain. On the basis of their research, Hu and Wang [11] considered the randomness of the demand and discussed the impact of emergency on the three-echelon supply chain. From the aspect of game theory, Modak et al. [12] explored the channel coordination and profit division issues of a manufacturer -distributer -duopolistic retailers supply chain for a product where the manufacturer supplies a lot size of the product that contains a random portion of imperfect quality item. Panda et al. [13] studied the disposal cost sharing and bargaining for coordination and profit division in a three-echelon supply chain. Govindan and Popiuc [14] took the computer industry as an example and designed a revenue sharing contract to achieve risk sharing to coordinate the three-level supply chain system. At present, the more commonly used supply chain contracts are Wholesale Price Contract, Return Policy, Quantity Flexibility Contract, Revenue Sharing Contract, Profit Sharing Contract, Rebate and Penalty Contract.This paper has chosen the approach of Profit Sharing Contract for the following reason: From the direct distribution of the supply chain profit mechanism, supply chain members can more clearly see the effect of profit growth and the benefit distribution process is more intuitive and reliable. It is relatively easy to make the parties reach a consensus and actively support the development and implementation of the contracts. This paper studies the coordination of the three-echelon supply chain system, which is composed of the special recycling station -refinery factory -distributor. Nonetheless, this paper is different from the previous studies.
Firstly, the previous research on the disturbance of biofuel supply chain was mainly from the aspect of optimization modelling and the result is only to solve the problem of the location, transportation and storage of its refinery factory [15, 16, 17] 
Model building
Suppose the density function of D is f(x), the distribution function is F(x). Meet the conditions: F is differentiable and strictly increasing;
On the basis of the above assumptions, the expected sales volume can be obtained:
Expected remaining quantity:
Expected shortage quantity:
Expected profit of supply chain q p w e S q c w q e r n = + + -+ -^^ĥ
Biodiesel supply chain coordination under the deterministic situation
The coordination adopts the revenue sharing contract theory. The deterioration cost of surplus products and carbon emission changing cost are also considered, which is led by short supply of the distributor. The biodiesel supply chain operates as follows: first of all, the nodes in the supply chain predict demand D faced by the distributor and get the distribution function F; then the distributor orders q products from the refinery factory at the price of p f ; after obtaining the order of the distributor, the refinery factory begins to market demand faced by the distributor and changes in the recycling cost of the recycling station. The two changes occurred at the same time. At this point, the initial plan may be broken; what is then the impact of the disturbance on the members of the biodiesel supply chain? How to harmonize these members under the disturbance of the biodiesel supply chain? These became the key problems to be solved by this paper.
BIODIESEL SUPPLY CHAIN MODEL UNDER THE DETERMINISTIC SITUATION 4.1 Symbol setting
Biodiesel supply chain is a three-echelon supply chain, which is composed of a recycling station, a refinery factory and a distributor. The distributor faces the stochastic demand. The three-node enterprises utilize the revenue sharing contract to achieve coordination. distributor, and arranged the production plan. At this point, due to some events like the government policy and other unexpected events, the random demand of the distributor is changed from D to G. The recycling costs from the recycling station change from c r to c r +Dc r . Obviously, c r +Dc r >0. According to the practical significance, the distributor's new probability density function of G is g(x), the distributor's new probability density function is G(x). G also meets this condition that it is differentiable and strictly increasing.
At this time, the expected sales volume of the distributor is:
Expected remaining quantity is:
Expected quantity of short supply is:
At this point, the profit function of the supply chain under disturbance situation becomes: 
In this formula, z 1 (q -q ) + and z 2 (q -q) + are additional costs incurred as a result of breaking the original plan. In case of a new order quantity q>q , there is a need to reuse the new recycled raw material like waste cooking oil. There is z 1 which is an increase unit cost as a result of this; in case of the new order quantity q<q , extra unit product needs to be done with some extra work like oil-water separation, storage and other processes. The z 2 is an additional cost for this work. In the real case study, 0<z 2 <c+Dc r .
Unexpected events may cause the size of the market to increase or decrease, that is, for any q≥0, Ḡ(q)≥F(q) or Ḡ (q)≤F(q). Next, we will first consider the effect on supply chain optimal order quantity caused by simultaneous disturbance of market size and the recovery cost. Suppose the optimal order quantity is , . argm ax q
If the recovery cost satisfies -c <Dc r ≤z 2 and the market size increases, which is Ḡ (q)≥F(q) for q≥0, then q * ≥ q, here, after the expansion of the demand expansion, the cost of change is negative, because of the economies of scale, the cost of recycling is smaller; if the recovery cost satisfies Dc r ≥ -z 1 and the market size decreases, which is Ḡ(q)≤ F(q) for q≥0, then q * ≤q.
order q products at the wholesale price p r ; finally, the recycling station arranges the production plan according to the order of the refinery factory. The distributor retains i 1 proportion of their income, and gives the 1 -i 1 proportion of the total income to the refinery factory. The refinery factory retains i 2 proportion of its income and gives the 1 -i 2 proportion of the total income to the recycling station,
From the above process, it can be calculated that the profit function of the distributor is . q p S q w q S q e S q c p q
The profit function of the refinery factory is: q p S q w q S q e S q p q e S q c p q
The profit function of the recycling station is: 
As calculated in the former, the profit function of the entire supply chain is:
When p f , p r meet the following conditions: 
Then, there will be
That is to say, under the revenue sharing contract, the profit function of the distributor, the refinery factory and the recycling station is the affine function of the entire supply chain system. Therefore, the optimal order quantity q of the system is unique. For the profit function of the supply chain system, r(q) is concave function (r(q) '' = -(p+w+e)f(q)<0) due to F which is strictly increased. Here, 
BIODIESEL SUPPLY CHAIN MODEL BUILDING UNDER DISTURBANCE SITUATION

Model building
For the deterministic supply chain, the recycling station and the refinery factory obtained the optimal order quantity by forecasting the demand of the 
Biodiesel supply chain coordination under disturbance
When the occurrence of unexpected events leads to changes in the supply chain, then the key problem is how to adjust the parameters of the revenue sharing contract to coordinate the supply chain. Here we give the coordination mechanism of the supply chain under the simultaneous disturbance of the demand and the recovery cost. Suppose the adjusted contract parameters are , , , p p r f 2 1 i i _î h we can get the profit function for the distributor which is:
The profit function of the refinery factory is: q p S q w q S q e S q p q e S q e p
The profit function of the recycling station is:
Proofing process: Assume q * ≤ q when the market demand increases in the event of uncertainty and the recovery cost changes in the range of (-c,z 2 ], then the sufficient and necessary conditions for that q * is the solution of Equation 13 is . arg q max q , with the demand of the market becoming larger, the optimal output of the biodiesel supply chain should be greater than the original optimal order quantity. Another conclusion can be proven as similar to this. Next, the changes will be given in optimal order quantity under the condition of simultaneous disturbance in the market size and the recovery cost. 
Because , q p w e g0 < The occurrence of an uncertainty is considered, which leads to a simultaneous disturbance in the product's market demand and recycling cost. The distributor's demand is assumed to be Y=X+Dn+ (20, 000+Dn,  25,000+Dn) after the disturbance. The market demand changes in Dn![-2,000,2,000]. The recovery cost changes in Dc r ! (-200,200 ) and other factors do not change. If the disturbance results in an increase in the yield of the product which exceeds the original production plan q, there is need to pay for the additional recycling cost z 1 =1,000 RMB/t. If the disturbance leads to a decrease in the yield of the product, there is need to pay for the processing cost of surplus products z 2 =500 RMB/t. When the disturbance occurs, the supply chain has two coping strategies: first, it can choose to turn a blind eye to disturbance, do not take any measures, continue to perform the original signed revenue sharing contract. This is the original strategy. Another is applying the disruption management theory, taking the new operational strategy to achieve the supply chain coordination. This paper only discusses the situation of the supply chain dealing with the disturbance. According to the above data, MATLAB programming software 2012b was used to analyse and compare the order quantity and profits in the two strategies.
Original strategy scenarios
It is not difficult to see from Figure 2 , when the uncertainty events lead to simultaneous disturbance in the market demand and the recovery cost, the supply chain's profit change is determined by the degree of the disturbance in the case of the original strategy. The changing relationship: when the market demand changes are fixed, the total profit of the supply chain increases with the reduction of recovery cost; when the change of recovery cost is fixed, the total profit of the supply chain shows a trend of increase with the increasing market demand. Moreover, when Dn=2,000 Dc r =-200, or the magnitude of the recovery cost reduction and the market demand increase are the largest, the total profit of the supply chain is the largest. When Dn=-2,000 Dc r =200, or the magnitude of the recovery cost increases and the market demand reduction is the largest, the total profit of the supply chain is the lowest. 
CASE STUDY
Based on the background of the biodiesel supply chain of Jiangsu Yueda Kate New Energy Co. Ltd, this paper simplifies and extracts the biodiesel supply chain. Its supply chain consists of three parties, the recycling station, the refinery factory and the distributor. According to the preliminary market research, it is known that the market demand for the company's products are subject to the uniform distributor of [20,000 t, 25,000 t] [31] . The retail price of the biodiesel is P=7,000 RMB/t [32] . The recycling cost of the recycling station is c r =4,000 RMB/t. The manufacturing cost of the refinery factory is c f =1,300 RMB/t. The ordering cost of the distributor is c d =500 RMB/t. The deterioration rate of the unit product is 2%, then we calculate the deterioration cost which is 1,400 RMB/t [33] . If the product gets out of stock or remaining, it will bring an increase in carbon emissions to the recycling station, the refinery factory and the distributor. This paper uses the current carbon emissions trading value to transform the increasing quantity of carbon emissions into emission cost eventually. Based on the recent trading average value, 30 RMB/t is set in this paper. Carbon emissions of the recycling station and the distributor are mainly concentrated in terms of transport. According to [34] , the Pre-treatment carbon emissions from food waste are 12.6 kg CO 2 eqv./t,The production of carbon emissions is 39.61 CO 2 eqv./MJ which is 1.465 t CO 2 eqv./t; then, we can calculate e r =1.2 RMB/kg, e d =2.26 RMB/ kg. On-the-spot investigation provides the information of production is constant, the order quantity of the supply chain increases with the increase of the market demand Dn≥1,000 or Dn≤-1,000
Supply chain optimal order quantity for the new strategy 
200
-100 100 0 C h a n g e s in d e m a n d C h a n g e s in d e m a n d In the case of increased market demand and reduced production costs, when the demand disturbance is certain and the increase magnitude is larger, with the continuous reduction of production costs, the production planning adjustment also increases, and also the production increases; when the cost disturbance is certain and the reduction magnitude is larger, with the size of the market demand continuing to increase, the adjustment of the production plan also grows, increasing the production. Therefore, the new strategy under the supply chain needs to continue to increase the production.
In the case of reduced market demand and increased production costs, when the demand disturbance is certain and the reduction magnitude large, the adjustment of the production plan increases with the increasing production cost and the production decreases. When the cost perturbation is constant and the magnitude of the increase is large, the adjustment of the production plan increases with the decreasing demand of the market, and the production capacity decreases.
Dn![-2,000] and the recovery cost Dc r !(0,200), the use of the original strategy can make the total supply chain profits increase.
After calculation, in the case of no disturbance, the optimal order quantity is 23,296, and the profit of the supply chain is 524,718,327. When the disturbance occurs, the profit at each critical point is shown in At the same time, as shown in Figure 2 , it can be seen that the original strategy of the biodiesel supply chain is more noticeable by the relative cost disturbance.
New strategy scenarios
The impact of the new strategy on optimal
order quantity Figure 3 shows that the supply chain does not need to adjust the order quantity when the demand and cost disturbances are relatively small (Dn![-1,000,1,000], and Dc r !(-50,50)); all nodes can use the original optimal order quantity, and this does not need to change the production plan in the situation. When the demand and cost disturbances are relatively large, if the disturbance of the market demand is constant, the production of the supply chain increases with the decrease of production cost (when Dc r ≥50 or Dc r ≤ -50). If the cost When Dn=-2,000, Dc r =-200 and Dn=-2,000, Dc r =200, the profit difference is the largest, which shows that the greater the disturbance, the more obvious advantages of the new strategy, and the profit is also higher after the new strategy adjustment. When Dn=2,000, Dc r =-200 and Dn=2,000, Dc r =200, the profit difference is still positive after single factor disturbance and is second only to the highest value. The advantage of the new strategy is still obvious. After new coordination, the profit is higher than the original strategy. When Dn=0, Dc r =0 or there is no disturbance, the profit difference is positive, but the value is the smallest.
This shows that there is no obvious advantage of the new strategy in the absence of disturbance, and there is not much difference between the new strategy and the original strategy.
CONCLUSION
Due to the influence of raw materials on particularity and the external policy environment, the biodiesel market uncertainty is particularly evident. Market environment supply chain is becoming more complex and changeable. Therefore, all parties in the biodiesel supply chain need to take reasonable countermeasures to deal with uncertain situation. This paper considers the coordination of biodiesel three-echelon supply chain based on a revenue sharing contract. Firstly, the optimal order quantity and the parameters of the contract under a certain situation are given in this paper. Then, when both the market demand and recovery cost change, it is analysed how to cope with disturbance, and give the changing contract parameters after disturbance. Finally, the real cases and data from Jiangsu Carter new energy Co., Ltd are taken, and MATLAB is used to carry out the analysis of
The impact of the new strategy on the supply chain profit
The analysis results in Figure 4 are shown as follows: 1) The profit change of the supply chain is determined by disturbances of the market demand and the recovery cost; 2) When the market demand is constant, the profitability of the supply chain is inversely proportional to the change in recycling costs, which increases as the recycling costs decrease. This is because the cost is reduced, on the one hand the order of the entire supply chain features generally an increasing trend; on the other hand, the entire supply chain profit per unit also increased, so the entire supply chain benefits increase.
Comparative analysis of the two strategies
According to Figure 5 , it shows that the profit difference between the new strategy and original strategy is non-negative. It shows that the biodiesel supply chain can improve the total profit of the supply chain until a -100 100 0 C h a n g e s in d e m a n d C h a n g e s in d e m a n d C h a n g e s in d e m a n d 2,000 2,000 the two strategies. According to the case results, when the market demand and recovery cost are disturbed, the coordination of the biodiesel three-echelon supply chain is robust, and the new strategy is better than the original one. Although the new strategy proposed in this paper has some help to improve the supply chain profit and deal with the disturbance, there are still some limitations and need for future research: 1) This paper considers a simple single-chain supply chain structure, but in real life, a one-to-many or many-to-many network supply chains are more common, which can study the multi-stage complex network supply chain.
2) The study of this paper is based on the assumption that the supply chain members are risk-neutral and information symmetry of the premise of the information asymmetry or incomplete situation can be used as a further study in this direction. 3) This paper discusses the market demand and recovery costs at the same time perturbed. What can be discussed next are the storage costs, service costs, lead time and other disturbances. 
